Background and Objective: Sentinel lymph node dissection (SLND) has eliminated the need for axillary dissection (ALND) in patients whose sentinel node (SN) is tumor-free. However, completion ALND for patients with tumorinvolved SNs remains the standard to achieve locoregional control. Few studies have examined the outcome of patients who do not undergo ALND for positive SNs. We now report local and regional recurrence information from the American College of Surgeons Oncology Group Z0011 trial. Methods: American College of Surgeons Oncology Group Z0011 was a prospective trial examining survival of patients with SN metastases detected by standard H and E, who were randomized to undergo ALND after SLND versus SLND alone without specific axillary treatment. Locoregional recurrence was evaluated. Results: There were 446 patients randomized to SLND alone and 445 to SLND ϩ ALND. Patients in the 2 groups were similar with respect to age, BloomRichardson score, estrogen receptor status, use of adjuvant systemic therapy, tumor type, T stage, and tumor size. Patients randomized to SLND ϩ ALND had a median of 17 axillary nodes removed compared with a median of only 2 SN removed with SLND alone (P Ͻ 0.001). ALND also removed more positive lymph nodes (P Ͻ 0.001). At a median follow-up time of 6.3 years, there were no statistically significant differences in local recurrence (P ϭ 0.11) or regional recurrence (P ϭ 0.45) between the 2 groups. Conclusions: Despite the potential for residual axillary disease after SLND, SLND without ALND can offer excellent regional control and may be reasonable management for selected patients with early-stage breast cancer treated with breast-conserving therapy and adjuvant systemic therapy.
S
entinel lymph node dissection (SLND) has revolutionized the management of clinically node-negative women with breast cancer. Single institutional studies, multi-institutional studies, and prospective randomized trials have shown the safety of omitting axillary lymph node dissection (ALND) for women whose sentinel node (SN) is free of metastatic disease. [1] [2] [3] The recommended management, however, of the patient with SN metastases has continued to be completion ALND. ALND is advised because of its excellent regional control and potential impact on survival. Completion ALND for women with micrometastases or isolated tumor cells (ITCs) is especially controversial because of the uncertain clinical significance of micrometastases and the low yield of additional positive axillary lymph nodes. However, most consensus statements including one from the American Society of Clinical Oncology recommend ALND for patients whose SN contains macrometastases, ITCs, or micrometastases. 4, 5 A number of reports have suggested that selected patients with SN metastasis may be managed without completion ALND. 6 -8 However, most of these reports are small, single-institutional studies evaluating patients whose SN demonstrated primarily micrometastases or ITCs. The American College of Surgeons Oncology Group (ACOSOG) Z0011 trial entitled "A randomized trial of axillary node dissection in women with clinical T1 or T2 N0 M0 breast cancer who have a positive sentinel node" was designed to compare outcomes of patients whose hematoxylin and eosin (H and E)-detected SN metastases were treated with completion ALND or managed without completion ALND and without third field axillary radiation. The primary end point of the study was overall survival. Although locoregional recurrence was not a prespecified secondary end point, the study did have a prespecified plan for monitoring regional recurrence, reflecting concern that regional recurrence rate might be unacceptably high without completion ALND. Thus, locoregional control was assessed to determine the effect of ALND and SLND in contemporary women managed with breast-conserving surgery, adjuvant systemic therapy, and opposing tangential field whole breast irradiation. The locoregional recurrence rates seen in this study and the effect of the extent of operation on locoregional control provide important information regarding the management of the axilla for patients with early breast cancer.
STUDY DESIGN AND METHODS
All participants were women at least 18 years of age with clinical T1 or T2 N0 M0 breast cancer treated with SLND and breast-conserving therapy as previously described. 9 Lumpectomy margins were required to be negative for study participation. Planned mastectomy was not permitted. Patients must have undergone SLND within 60 days of the diagnosis of invasive breast carcinoma and have an Eastern Cooperative Oncology Group (ECOG)/Zubrod status less than or equal to 2. A SN containing metastatic breast cancer must have been identified by frozen section, touch preparation, or permanent section. Patients with metastatic breast cancer to the SN identified by immunohistochemical staining (IHC) were not eligible. Patients were randomized to completion ALND or no ALND and no further axillary-specific therapy, specifically no third field nodal irradiation. All patients received opposing tangential field whole breast irradiation. ALND was defined as an anatomic level I and II dissection with at least 10 nodes removed. Adjuvant systemic therapy was determined by physician and patient selection. For patients randomized to completion ALND, the operation must have been performed within 42 days of the SLND. Pregnant or lactating patients were excluded as were patients treated with neoadjuvant chemo-or hormonal therapy. In addition, patients with bilateral breast cancer were excluded as were those with multicentric disease, a history of ipsilateral axillary surgery, prepectoral implants, or those with medical contraindications to ALND. Patients with matted nodes or gross extranodal disease at the time of SLND were excluded as were patients with 3 or more involved SNs.
Participants entered the study through 2 pathways, the most common of which was randomization post-SLND when the final histopathologic results of examination of the SN were known. However, some patients were preregistered before SLND and then randomly assigned to a treatment arm intraoperatively by an interactive automated telephone system when frozen section or touch preparation analysis documented a tumor-involved SN. Although some of these patients were subsequently found to have 3 or more tumor-involved SNs, they were included in the analyses. All patients gave written informed consent, and all institutions obtained approval by their institutional review board. There were 165 investigators and 177 institutions participating in this study. Figure 1 illustrates the study schema.
STATISTICAL ANALYSIS
To validate reported data via source documentation, clinical site audits were performed according to the National Cancer Institute's Clinical Trials Monitoring Branch guidelines. The target accrual for the trial was 1900 patients to achieve a 1-sided level of significance of 0.05 to detect a hazard ratio for overall survival of 1.3 (SLND only compared with ALND) with 90% power. Patients were randomized in a manner that dynamically balanced 3 stratification factors: age (Յ50 vs. Ͼ50 years), estrogen receptor status (positive versus negative), and tumor size (Յ1 cm, Ͼ1 cm but Յ2 cm, or Ͼ2 cm). Patients were followed up for disease-recurrence (local, regional, and distant) at 6, 12, 18, 24, 30, and 36 months following registration, and then yearly until death or lost to followup. Local recurrence was defined as any ipsilateral in-breast recurrence; regional recurrence was defined as recurrence in the axillary, supraclavicular or internal mammary nodes. Time to locoregional recurrence was measured from the time of registration until the first of either a local or regional recurrence. Patients who were not known to have had a locoregional recurrence at the time of analysis were censored at the date of their last follow-up. Patients who died without disease-recurrence were censored at the time of their death.
2 tests were use to compare categorical variables between groups and 2-sample t-tests were used to compare continuous variables between groups. Cox proportional hazards models were used to assess the univariable and multivariable association between prognostic variables, treatment, and locoregional recurrence. All statistical tests were 2-sided and a P value of 0.05 or less was considered statistically significant. Analyses were performed with SAS statistical analysis software, version 9.1 (SAS Institute, Cary, NC).
RESULTS
Enrollment to Z0011 began in May 1999 with a planned accrual of 1900 patients. The trial was closed in December 2004 due to lower than expected accrual and event rates. There were 891 patients randomized with 35 patients (25 on the ALND arm and 10 on the SLND alone arm) excluded because they withdrew consent from the study. Eligible patients underwent lumpectomy and SLND alone or lumpectomy with SLND and completion ALND. Statistical analyses were performed on an intent-to-treat basis with 420 patients in the SLND ϩ ALND arm and 436 in the SLND only arm. There were 43 (5.0%) patients who did not undergo their assigned treatment. Of the 420 patients assigned to the ALND arm, 32 (7.6%) did not undergo ALND and, of the patients who were assigned to the SLND alone arm, 11 (2.5%) had ALND. Figure 2 shows the trial participants by study arm (the intent-to-treat sample) and the number of patients who received ALND (388 patients) and SLND alone (425 patients) as originally assigned (the treatment received sample). The primary analyses were performed on the intent-to-treat sample, and all were repeated for the treatment received sample. Both analyses yielded similar results with no significant change in outcomes.
Within the intent-to-treat sample, there were 103 ineligible patients: 47 on the ALND arm and 56 on the SLND only arm. Reasons for ineligibility were incorrect number of positive SNs (16 ALND arm and 32 SLND only arm), SNs positive by IHC only (4 ALND arm and 4 SLND only arm), positive lumpectomy margins (6 ALND arm and 7 SLND only arm), gross extracapsular extension in the SNs (8 ALND arm and 7 SLND only arm), and other (13 ALND arm and 6 SLND only arm). In both the intent-to-treat and treatment received samples, the 2 treatment arms were well balanced in terms of baseline patient and tumor characteristics ( Table 1) .
The number of lymph nodes removed and the extent of metastatic involvement for each study arm is presented in Table 2 with interquartile range (IQR), which reports the 25th and 75th percentile range. For the patients randomized to the ALND arm, the median total FIGURE 1. Study design showing randomization process.
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Locoregional Recurrence in ACOSOG Z0011 number of nodes removed was 17 (IQR: 13, 22) . The median total number of histologically positive nodes identified in patients who underwent ALND was 1 (IQR: 1, 2). Among patients who underwent SLND alone, the median number of SNs removed was 2 (IQR: 1, 4). The median number of histologically positive nodes in the SLND alone arm was 1. As expected based on the randomization to ALND versus SLND alone, the distribution for the total number of removed nodes was significantly different between patients who underwent ALND and patients who underwent SLND alone (P Ͻ 0.001). In addition, the number of patients with 2 or more positive nodes identified in the ALND group was 140 (40.8%) compared with 91 (21.9%) in the SLND only group. There were 3 or more positive nodes in 72 (21.0%) patients in the ALND group compared with 15 (3.6%) patients in the SLND alone group. There were 4 or more positive nodes in 47 (13.7%) patients in the ALND group compared with 4 (1.0%) in the SLND only group. In the ALND group, 97 (27.3%) patients had additional metastasis in lymph nodes removed by ALND. Micrometastases were identified in SNs of 137 (37.5%) patients in the ALND group compared with 164 (44.8%) in the SLND only group (P ϭ 0.05). Ten percent of patients with micrometastasis had additional involved nodes removed by ALND. At a median follow-up of 6.3 years, locoregional recurrence was seen in only 29 (3.4%) patients of the entire population. Local recurrence was identified in only 8 (1.8%) of the SLND alone group compared with 15 (3.6%) in the ALND arm; the number of local recurrences at 5 years was 7 (1.6%) and 13 (3.1%) in the SLND only and ALND arms, respectively (P ϭ 0.11). Regional recurrences in the ipsilateral axilla were similar between each arm with 4 (0.9%) patients in the SLND alone group compared with 2 (0.5%) in the ALND group. The median time of local recurrence-free survival and regional recurrence-free survival was not reached in either group and did not differ between the arms.
Locoregional recurrence was also evaluated by the treatment received. Sixteen (4.1%) locoregional recurrences were seen in 388 (89.0%) patients randomized to and treated with ALND compared with 12 (2.8%) locoregional recurrences seen in 425 (97.5%) patients randomized to and treated with SLND alone. Local recurrence was seen in 14 (3.6%) patients randomized to and treated with ALND compared with 8 (1.9%) patients randomized to and treated with SLND alone.
Regional recurrence was seen in 2 (0.5%) patients randomized to and treated with ALND compared with 4 (0.9%) patients randomized to and treated with SLND alone. Similar to the intent-to-treat sample, there was no significant difference in the locoregional recurrence-free survival for the treatment received sample.
Adjuvant systemic therapy was delivered to 403 (96.0%) of patients in the ALND arm compared with 423 (97.0%) in the SLND only arm (P ϭ 0.40). Hormonal therapy was given to 195 (46.4%) of the patients in the ALND arm compared with 203 (46.6%) of patients in the SLND only arm (P ϭ 0.97). Chemotherapy was administered to 243 (57.9%) of patients in the ALND arm and 253 (58.0%) of patients in the SLND arm (P ϭ 0.96). The type of chemotherapy received by patients in the 2 groups was similar. The most common chemotherapeutic agents used in both arms were anthracycline-and taxane-based combination chemotherapy regimens. Locoregional recurrence was seen in 3.3% of patients who did not receive adjuvant systemic therapy compared with 3.4% of patients who did receive adjuvant systemic therapy.
Prognostic factors that may predict locoregional failure were examined including estrogen receptor status, progesterone receptor status, pathologic tumor size, lymphovascular invasion, histologic type, size of SN metastases, total number of involved nodes, modified Bloom-Richardson score, adjuvant systemic therapy use, and patient age. Univariable analysis showed that only estrogen receptor and progesterone receptor status, pathologic tumor size, and modified Bloom-Richardson score were associated with locoregional failure in either arm. Multivariable analysis showed that only modified Bloom-Richardson score and age were associated with locoregional failure. Table 3 shows univariable and multivariable analyses of predictors of locoregional failure.
DISCUSSION
Breast cancer is currently diagnosed earlier than in the past, and the incidence and extent of axillary lymph node metastases have been decreasing. 10 In patients with clinically node-negative disease, the SN is the only involved node in 40% to 60% of patients undergoing SLND. 1, 11 Despite increasing evidence that many women will not have additional nodal metastases at completion ALND, the management of FIGURE 2. Definition of the study sample depicting total number of randomized patients, number of patients in intent-to-treat sample, and number of patients in treatment received sample.
the patient with clinically negative, histologically positive lymph nodes has not changed, and ALND remains the gold standard. The hypothesis of the ACOSOG Z0011 trial was that patients with H and E-detected metastases in the SN would have similar outcomes whether they were randomized to completion ALND or no ALND and no axillary-specific irradiation. There was a remarkably low rate of locoregional recurrences among all patients on the Z0011 trial, even those who did not undergo ALND. No significant benefit in locoregional control was seen with completion ALND despite the removal of additional tumorinvolved lymph nodes.
Currently, it is well accepted that the patient whose SN is tumor-free does not require further axillary-specific treatment. In a prospective randomized trial, Veronesi et al 3 demonstrated the overall safety of SLND alone compared with SLND followed by completion ALND for patients whose SN was free of metastatic disease. Their trial was a single-institution prospective study of 516 women with T1 tumors randomly assigned to either SLND ϩ ALND or SLND alone. All patients underwent completion ALND if the SN contained metastatic disease. They found that women randomized to SLND alone had greater arm mobility and less pain than those who had both SLND ϩ 
Annals of Surgery • Volume 252, Number 3, September 2010 Locoregional Recurrence in ACOSOG Z0011
ALND. They recently reported an update with a median follow-up of 102 months, 12 with only 49 breast cancer-related events in the entire cohort-23 in the SLND alone arm and 26 in the SLND ϩ ALND arm. Only 2 of 259 (0.77%) patients in the SLND alone arm experienced a regional recurrence. There was no significant difference between the 2 groups with respect to disease-free survival (89.9% in SLND arm compared with 88.8% in the SLND ϩ ALND arm).
Although current guidelines and most clinicians recommend ALND for women whose SN contains metastases, the enhanced detection of small volume metastases (micrometastases and ITCs) with SLND and enhanced pathologic assessment of the SN has led some to question the routine role of ALND in patients with early metastatic nodal disease. Several small studies have suggested that ALND may be safely omitted for patients with ITCs or micrometastases. 6 -8,13 Ten to fifteen percent of patients whose SN is tumorfree by H and E staining have micrometastases detected by IHC. 14 The ACOSOG Z0010 trial ("A prognostic study of sentinel node and bone marrow micrometastases in women with clinical T1 or T2 N0 M0 breast cancer") blinded results of SN IHC analysis to clinicians in order not to influence treatment. Despite the fact that some of the women had occult SN metastases (and no specific axillary treatment), ACOSOG Z0010 reported regional recurrences at a rate of only 0.3%, with a median follow-up of 31 months. 15 Several retrospective studies have been published reporting low axillary recurrence rates in women with positive SNs who did not have completion ALND for various reasons. 6 -8,13,16 These retrospective studies are limited by small size, limited knowledge of the reason why no ALND was performed, small volume SN metastases, and lack of controls. A review by Bilimoria et al 17 of the National Cancer Data Base identified 20.8% of 97,314 breast cancer patients with a positive SN who underwent SLND alone without completion ALND. There were no significant differences seen in axillary recurrences for patients who underwent SLND alone versus completion ALND. This retrospective database analysis revealed that patients who underwent SLND alone were older and had smaller tumors than those who had ALND.
Numerous authors have proposed methods of predicting the risk of additional positive axillary lymph nodes (non-SN) after SLND. Risk of non-SN metastases in patients with SN metastasis correlates with size of the primary tumor, size of the SN metastasis, number of SNs involved, lymphovascular invasion, and extranodal tumor extension. 18, 19 Several nomograms have incorporated these prognostic features to predict the probability of involved nonSNs. 20, 21 Proponents of the use of such nomograms postulate that axillary dissection should be necessary only if there are likely additional involved lymph nodes. They postulate that patients with residual nodal disease in the axilla should have a higher risk of regional recurrence than those patients with no residual disease who are unlikely to benefit from completion ALND. They assume that removal of residual axillary disease is beneficial.
Based on the finding that 27% of patients in the ALND arm of Z0011 had additional nodal metastases identified on histopathologic assessment of the axillary contents, patients randomized to the SLND alone arm of Z0011 were likely to have residual non-SN metastasis that was not removed by operation. As the regional recurrence rates were similar between the 2 groups, this study suggests that not all non-SN metastases develop into clinically detectable disease. Removal of additional involved nodes with ALND did not result in fewer locoregional recurrences than did SLND alone at a median follow-up time of 6.3 years. Traditionally, patients with invasive carcinoma of the breast underwent ALND to achieve accurate staging, regional control, and perhaps improved survival. Regional recurrence rates following ALND have been reported to be as low as 1% or 2% 22 ; however, ALND has significant morbidity and is costly. Its value in the era of early detection, increased use of breast-conserving surgery and adjuvant systemic therapy, and nodal assessment with SLND may be more limited than in the past. A number of randomized prospective trials have demonstrated that short-and long-term morbidity is lessened after SLND compared with ALND. 9, 23 Therefore, if SLND could achieve locoregional control as effectively as ALND without an adverse effect on survival, it would be the preferable procedure.
There are limitations to the Z0011 trial, which may have had an impact on the locoregional control for SN-positive women treated with or without ALND. Most of the patients in this trial had a low axillary tumor burden. Caution at the initiation of the study led to an attempt to assure that women with high tumor burden were not randomized to SLND alone and to minimize the threat of en cuirasse regional failure. Therefore, eligibility requirements specified that when surgeons felt that there was extensive axillary disease upon palpation of the nodal basin during the SLND, they were required to exclude such patients by demonstrating 3 or more involved SNs. If patients had 3 or more positive SNs, they were not eligible for randomization. Despite this requirement, a small proportion of patients with 3 or more positive SNs did undergo randomization, 14 (3.4%) patients. Most of these patients were randomized intraoperatively prior to the knowledge of the total number of involved SNs. Another limitation of this trial is that although the detection of SN metastases was to be made based on standard H and E, not immunohistochemical detection, about 41% of study patients were ultimately determined to have small volume metastases (micrometastases or ITCs). This study was initiated when the 5th edition of the "AJCC Cancer Staging Manual" was in effect, and this iteration did not specify the subgroups of micrometastases or ITCs in the definition of nodal metastases. For this reason, we used method of detection, H and E, to identify SN metastases and did not stratify for volume of disease in the SN. However, the size of the SN metastases was recorded when known and the majority of patients were histopathologically N1. Over 95% of patients in Z0011 received adjuvant systemic therapy. Adjuvant systemic therapy, both chemotherapy and hormonal therapy, is known to diminish locoregional recurrence in breast cancer patients. 24 In addition, all patients underwent breast-conserving surgery and were required to undergo whole breast irradiation. It is known that standard opposing tangential fields will irradiate the SLND operative field, much of the level I axilla, and a portion of the level II axilla. Schlembach et al 25 evaluated the volume of nodal radiation associated with breast-conserving therapy and noted that, by placing the deep field edge 2 cm below the chest wall/lung interface, the entire axillary dissection field site (levels I and II) can be included in nearly all patients. Although no axillary-specific irradiation was performed in patients randomized on Z0011, it is likely that a significant portion of the axilla was treated in patients on both study arms because of the requirement for whole breast irradiation.
An early study of the National Surgical Adjuvant Breast and Bowel Project (NSABP), NSABP B-04, 26 randomized clinically node-negative women to radical mastectomy, total mastectomy with axillary irradiation, or total mastectomy alone without axillary treatment. Thirty eight percent of women whose axilla was dissected 
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had nodal metastases, whereas in the group with untreated nodal disease, less than half developed clinically evident axillary recurrence. Patients on the B-04 trial did not routinely receive adjuvant systemic therapy; therefore, no treatment effect could account for the lack of clinical progression of axillary nodal metastases in the group with no axillary treatment. This suggests that not all axillary metastases ultimately progress to become clinically evident.
The low locoregional recurrence rates in ACOSOG Z0011 show that locoregional control in patients with low to moderate axillary tumor burden treated with breast-conserving therapy and adjuvant systemic therapy may not be improved by ALND after SLND compared with SLND alone. This study particularly questions the use of ALND in women with immunohistochemically detected micrometastases or ITCs in the SN.
SLND provides the necessary staging information to direct adjuvant therapy and may be therapeutic as well. The results of this study are not applicable to women with palpable nodal disease, those in whom SLND reveals extensive metastases, or those undergoing mastectomy for treatment of the primary tumor. Although most axillary recurrences are evident within the first 2 or 3 years after surgery, the long-term results and the impact of the omission of ALND on survival remain to be seen.
Discussions
DR. BLAKE CADY (BROOKLINE, MA): The message from ACOSOG Z-11 is contemporary reaffirmation of Dr. Fischer's 1970s B-04 trial of palpable breast cancers with a 40% rate of axillary nodal metastases: Not all known axillary metastases recur clinically if only observed. This Z-11 trial of contemporary smaller breast cancers, many nonpalpable, but all defined by sentinel node metastases, shows that axillary dissection may not be necessary nowadays for preventing regional node recurrences. Z-11 results also call into question the many nomograms for predicting nonsentinel node metastases after a positive sentinel node biopsy, which induce axillary dissections, as current guidelines mandate.
Once axillary node metastases are defined by sentinel node biopsy, information for systemic adjuvant therapy is adequate, without the need for harvesting more nodes, since regional node control is achieved, and systemic therapies are not usually, or should not be, governed by the number of node metastases, but only by sentinel macrometastases.
We can now reduce to a minimum surgical morbidity after breast conservation. Axillary dissection accomplishes nothing for T1, T2, clinically N0 breast cancers for regional control, yet can produce prolonged morbidity.
